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Preface of the 12th International Conference on Thermofluids 2021

The 12" International Conference on Thermofluids 2021 is the 12™" series of annual Thermofluid
conference held by the Department of Mechanical and Industrial Engineering of Universitas
Gadjah Mada on 10th -11th November 2021. This conference is also the 2" series of the
Thermofluid held online due to the ongoing COVID-19 pandemic. We hope it does not detract the
value, purpose, and the quality of the event.

In this conference, we are expecting that national and international researchers, engineers, and
academia share and disseminate their recent development status of researches, especially in the
field of thermal, fluid, and energy engineering to advance future clean energy solutions as we are
at a critical moment where clean energy must advance at a much more rapid pace to prevent the
lasting impacts of climate change.

On behalf of the committee, |1 would like to express our outmost gratitude to all who have made
the 12™ International Conference on Thermofluids 2021. We have received numerous invaluable
contributions for this conference encompassing research and developments in Fluid Dynamics,
Multiphase Flow, Fuel Technology, Thermodynamics, Energy Conversion, Fluid Structure
Interaction, Heat and Mass Transfer and Phase Change, Renewable Energy and Energy Harvesting,
Combustion and Automotive Engineering. We thank all the authors, reviewers, moderators, and
participants for their contributions.

I would also like to express our appreciation to our distinguished keynote speakers: Prof.
Deendarlianto from Universitas Gadjah Mada, Prof. Kiyoshi Saito from Waseda University, Prof.
Michael Beckmann from Technical University Dresden, Assoc.Prof. Agus Pulung Sasmito from
the University of Montreal, Prof. Alberto Coronas from Rovira | Virgili University, Dr. Dadan
Kusdiana from the Directorate General of New Renewable Energy and Energy Conservation,
Ministry of Energy and Mineral Resources, and Dr. Djoko Hendratto from The Environmental
Fund Management Agency.

Finally, this conference would not be possible without the tireless efforts of the committee
members who have worked hard as a team. We hope this event will further stimulate research in
thermal, fluid and energy engineering.

Dr. Hifni Mukhtar Ariyadi

Organizing Committee Chairman
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Abstract. This study investigates the statistical characteristics of liquid film thickness fluctuations during countercurrent
flow limitation on a complex geometry containing a horizontal and inclined pipe which are connected by an elbow. The
fluctuation data are obtained by image processing technique which was applied towards high-quality images captured by
a high-speed video recording. The result indicates that the thickening of the liquid triggers the liquid blockage that
initiates flooding at the upper edge of the hydraulic jump. Moreover, the stochastic analysis reveals that the obtained data
imply consistence trends across whole water discharge. Furthermore, it also shows a good agreement to the visual
observations. Meanwhile, the wavelet analysis can distinguish energy fluctuations under different water discharges.

INTRODUCTION

A pressurized water reactor (PWR) is one of the most popular reactors to generate electricity through nuclear
reaction. The reactor is operated at high pressure and temperature. In its reactor core, called the reactor pressure
vessel (RPV), the operating pressure and temperature reach 15 MPa and 325 °C, respectively. The construction of
the PWR reactor consists of three circuits loops, the primary circuit loop being the concern in this CCFL study. The
primary circuit loop contains 3 main components; Reactor Pressure Vessel (RPV), Hot leg, and Steam generator
(SG), RPV is connected to SG through a hot leg channel. The condensate water in the primary circuit is maintained
at high pressure to increase the fluid boiling point and make the condensate water still in the liquid phase at high
temperature circulation in primary circuit. The pressurized condensate water with high-temperature flows from the
RPV to the SG, pressurized condensate water is used to generated superheated vapor in secondary circuit with heat
transfer mechanism in SG.

Loss of cooling accident (LOCA) is a reactor nuclear accidental scenario, this accident scenario occurs when
there is leakage on the primary circuit. The leakage in the primary circuit causes depressurization, and results the
condensate water in RPV turns into a vapor phase. It further forms steam flows through the hot leg into the steam
generator, the steam production increases alongside the time. When the steam flow rate through hot leg exceeds the
limit, an amount of cooling water from the steam generator (SG) will be clogged in hot leg, some coolants are
carried by the steam and flow back to the steam generator (SG). Consequently, the coolant flows to reactor core
decreases, this phenomenon can lead core meltdown / nuclear accident.

Therefore, flooding is a complex physical phenomenon; it is always required to access information to enhance
understanding of flooding phenomena. Wongwises (1996) performed a study on countercurrent flow limitation in a
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horizontal and inclined pipe connected by an elbow. The length of the horizontal pipe is 1300 mm with a diameter of
64 mm. The bend has outer and inside curvature radii 60 mm and 135 mm. Here, the CCFL is divided into three
regions. The first and third regions have a characteristic that airflow rate, which initiates the flooding, decreases with
the increase of the water flow rate. In the second region, the airflow rate which initiates the flooding increases as the
water flow rate increases. Moreover, Navarro (2005) investigated the effect of apparatus geometry configuration
(pipe diameter, inclination angle, liquid holdup , liquid injected) and the liquid superficial velocity. When the water
flow rate increases, the airflow required to initiate flooding decreases, but from flooding to zero liquid penetration,
the airflow required remains constant when the water flow rate increases.

Deendarlianto et al. (2008) utilized a hot leg simulator with a rectangular cross sectional area model to conduct
CCFL experiments. The rectangular channel section used 0.05 m x 0.25 m in dimension. The geometry was based
on the German convoy PWR reactor at a scale of 1/3. A pressure chamber (TOPFLOW) was employed in the reactor
simulator to regulate the reactor's working pressure. The flow behaviour in the test section is visualized using a
high-speed camera. The flooding mechanism was identic to that described by Wongwises et al. (1996). Moreover,
the Wallis parameter does not correlate with the pressure or working fluid types in this study. Furthermore, the
countercurrent flow at low gas flow along the hot leg was also reviewed by Deendarlianto et al. (2012). Here, the
pressure differences between the RPV and SG were low and progressively increased as gas flow rates increased. It is
also noticed that the onset of flooding occurs when gas mass flow rates are equal to the liquid mass flow rate.

Al Issa and Macian (2011) analysed the visualization of flooding in a 1/3.9 reactor simulator with varying gas
and liquid flow. This work obtained the visualization of initialization of flooding until the onset of flooding. Here,
the Gradual increase in gas flow distorts fluid flow and causes condensate water flow to partially or completely
change direction (CCFL). Moreover, an experimental study of the mechanism of air-water flooding at a scale of
1/3.9 of the PWR hot leg was also extended Al Issa and Macian (2014). Four flooding areas based on the water's
superficial velocity are established. Each flooding process begins with a small roll wave and progresses to a large
roll wave, then slug flow. Flooding becomes more rapid as the superficial velocity the water increases.

Badarudin et al. (2016) performed a flooding and de-flooding investigation in 1/30 scale PWR reactor. A
differential pressure transducer between SG and RPV was utilized to obtain the pressure fluctuation data during the
onset of flooding. Here, a high-speed video camera with a frame rate of 60 fps also applied to capture the image.
Furthermore, the liquid film thickness data were obtained by the image processing method. The CCFL experiment
conducted by varying water and air superficial velocity. At low liquid superficial velocity Hydraulic jump and liquid
blockage occurred near the bend, in other hand at medium and high liquid superficial velocities Hydraulic jump and
liquid blockage occurred in the horizontal section of hot leg. Furthermore, Badarudin et al. (2018) using parallel
wire sensor to identify thickness film characteristic in 1/30 scale PWR reactor, The liquid and gas superficial
velocities (JL and Jg) were varied. The onset of flooding was divided into three regions, the flow at first and third
regions reaches the onset of flooding faster as the liquid flow rate increases. In a contrary, the flow in the second
region reaches the onset of flooding faster as the liquid flow rate decreases. However, the study has not carried out
the wavelet and stochastic analysis.

Rodrigues (2020) investigated the thickness of two-phase flow by utilizing a resistive sensor positioned on a
horizontal pipe to determine the film thickness characteristic and the properties of power spectrum density (PSD)
function. Two distinct sorts of probability density function (PDF) curves based on the void fraction value are
discovered. Here, the void fraction affects the shape of the PSD. In this study, when the superficial velocity of water
increases while maintaining the superficial gas velocity constant, the left PDF curve increases while the void
fraction remains constant. When the superficial gas velocity increases while maintaining the superficial flow
velocity constant, the value of the PDF curve on the right increases due to an increase in the void percentage. The
effect frequency distribution the occurrence of slug flow also described. When the superficial velocity of water is
varied, clear findings may be achieved, whereas increase in the superficial velocity of water results in a flatter PDF
curve and a more extensive frequency range.

Jana (2006) investigated the interaction of two phases of oil and water in a vertical pipe. The study varied the
liquid superficial velocity in oil and water between 0.05 and 1.5 m/s, respectively. The speed of the kerosene was
varied under a constant water velocity. The results indicate that when the oil velocity is increased, some
visualizations on the channel show the appearance of an oil plug. Furthermore, the decrease of v/vmax results the
skewness also shifts to the positive direction while the oil flow increases again, indicating that the oil flow condition
has begun to dominate the pipeline. This study can determine the flow characteristics by observing the PDF curve
and the PDF curve shifts. The present study demonstrates that when the oil flow is more dominant, the skewness of
the PDF curve shifts to the right, and the value of v/Vmax decreases.
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EXPERIMENTAL APPARATUS AND PROCEDURES

The test equipment is a 1/30 down-scaled of Germany upper plenum test facility (UPTF) simulator with the
horizontal length to diameter (L/D) and the riser length to diameter (/D) ratio were 24 and 8.3, respectively. The rig
comprises an RPV, a hot leg, an SG, and also an upper and a lower water tank. Here, the air from the compressor is
used to simulate vapor pressure. FIGURE 1 depicts the experimental apparatus. The water from the upper water tank
flows through the valve and water flow meter before reaching the SG. The air from RPV flow to SG, via the hot leg,
bend, and riser. At the same time, in hot leg countercurrent flow occurs between water and air.

Table 1. Physical properties of the working fluids

Physical properties Water Air

Fluid density at 30 ° C (kg/m?) 996 1.165
Dynamic viscosity at 30 ° C (kg/m. s) 7.97x10* 1.87x10°
Surface tension (kg/s?) 71.97x10° -

The visual observations were made on the hot leg and riser using a Phantom high-speed camera. The flooding
phenomenon in the hot leg section can be obtained by adjusting the air and water flow rates. The visual data was
processed on the basis of MATLAB language according to the procedure described by Widyatama et al. (2018).
Here, the conceptual idea involves performing a visual conversion from RGB to grey and comparing it to the
background image.

The data are retrieved by adjusting the water flow from the upper water tank to the SG at constant rate while the
gas is gradually increased every 15 seconds until onset of flooding occurs. The data from the visualization video is
processed in MATLAB and converted to film thickness data in the .XLSX file format, which can be processed in
Microsoft EXCEL. Moreover, the MATLAB software was used to obtain scholastic analysis characteristics in the
form of the PDF and wavelets analysis.
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FIGURE 1. PWR simulator scheme.
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RESULTS AND DISCUSSIONS

Flooding Mechanism

In this study the flooding mechanisms were described through a close visual observation towards the high-
quality photographs. This method of observation was previously reported by Al Issa and Macian (2014), and also
Deendarlianto et al. (2008). In the present work, a Phantom Miro Lab310 high-speed camera was employed to
visualize the flooding mechanism. The high-speed camera records the hot leg fluid interface. The air flow rate is
varied under a constant water superficial velocity of 45 litres per minute (Ipm).

Under the condition of QG= 14 gallon per hour (gph), the detail of flow condition is explained as follows. First,
water enters the inlet and flows through the riser. Here, the water flow is accelerated by the gravity. As a result, it
creates a supercritical flow in the bend. In this flow condition, a hydraulic jump (HJ) phenomenon is observed at
Locus 8 and 9 when t= 1.36s. The HJ tends occur before the onset of flooding. This phenomenon is in agreement
with those reported by Deendarlianto et al. (2008) in which a hydraulic jump is a transition from subcritical to
supercritical flow. After the transition from subcritical to supercritical flow the wavy flow phenomenon appears at
Locus 4 and 5 when t=2.7s.

As time progress, the wavy flow induces roll waves at Locus 6 and 7 at t = 4s. The roll wave phenomenon
initiates a liquid blockage at Locus 8 when t = 4.05s while the churn flow phenomenon was discovered near the riser
at Locus 10. The similar phenomenon was reported by Al-lsaa and Macian (2014). Moreover, according to
Deendarlianto et al. (2008), the churn flow phenomenon in riser was caused by decreased cross-sectional area for
airflow during the onset of flooding. As a result, the air accelerates above the wavy flow, breaks the liquid slug and
transforms it into droplets in the SG section.

The phenomena observed under the flow condition of Q. = 18 gph is similar to those observed at Q.= 14 gph.
Here, a hydraulic jump was discovered at Locus 7, 8, and 9. Following the appearance of the HJ, a wavy flow
developed into a roll wave, resulting in a blockage. The blockage events tend to shift in the horizontal section of the
hot leg in the middle (at Locus 5). Additionally, a churn flow pattern was discovered in the riser section.

The HJ phenomenon tends shifting closer to the RPV at a gas discharge rate of 20 gph. The HJ occurs at Locus
6, 7, 8 and 9. Continuing to follow the appearance of HJ, the flow becomes wavy and develops into a roll wave. This
roll wave initiates blockage, which results in the onset of flooding. FIGURE 2a and 2b illustrated the visualization
and the liquid film fluctuation obtained by image processing technique.
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FIGURE 2. (a) The liquid film fluctuation, and (b) flow visualization during the flooding phenomena at Q. = 14 gph.
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Stochastic Analysis

FIGURE 4 shows liquid holdup fluctuation and the PDF under the condition of Qg = 45 Ipm for various water
flow rates at Locus 10. In the PDR regime, the rise in liquid holdup density correlates to the onset of flooding, which
develops faster at the greatest water flow for a given gas discharge rate. The multimodal curve demonstrates many
dominant liquid film thicknesses, particularly before and after the onset of liquid blockage (flooding). In some
regions, the onset of liquid blockage is characterized by a drastic drop in the thickness of the liquid film, whereas in
others, it can be indicated by an abrupt increase in, or change in, liquid holdup fluctuations, as illustrated in FIGURE
3. This sudden decrease in liquid holdup is explained by the pressure difference formed by the blockage. Here, one
of the indicators of the CCFL regime is a high-pressure difference between the RPV and SG as reported by
Deendarlianto et al. (2012).
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FIGURE 3. Typical liquid holdup fluctuation at QL= 14 gph and Qcs= 45 Ipm for various Locus.

According to the PDF graph as illustrated at FIGURE 4, the density tends to increase along with the increase of
air flow rate. This implies that the flow with a larger gas flow rate has a more fluctuated liquid holdup. At Qg = 14
Ipm, the measured liquid holdup started to exhibit significant fluctuations at t = 4s. Here, the PDF shows twin peaks
which indicates that the flow is two-phase flow slug flow. This is explained in further detail in the study that was
undertaken by Rodriguez et al. (2020). However, the twin peaks parameters do not directly reflect the two-phase
slug flow characteristics because the collecting data includes the process preceding the CCFL. Under the flow
condition of Q. = 18 gph, the liquid holdup fluctuates between t = 0-2s. Here, the fluctuation is more significant at t
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= 4s. The standard deviation has decreased, and the PDF observed at Q. = 14 gph flow is a twin peak with the same
pattern. At Q. = 20 gph, the liquid holdup fluctuated between t = 0-2s, more significant than at Q. = 18 gph.
However, at t = 4s, the liquid holdup fluctuates more. The observed PDF curve is different from the one observed
between QL = 14 gph and Qg =18 gph, which has a single peak PDF. The increase in the density of liquid holdup
fluctuations in the PDR regime indicates that flooding occurs more quickly as water discharge increases for the same
gas discharge value as demonstrated by the Wallis curves from previous studies as reported by Navaro (2005),
Vallee et al. (2012), and Astyanto et al. (2021).
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FIGURE 4. Typical liquid holdup fluctuations and the PDF at Qc = 45 Ipm for various water flow rates of Locus 10.

The average fluctuation shown in FIGURE 5a follows a generally similar pattern between Q. = 14 gph and Q. =
18 gph, the curve drops from Locus 1 to Locus 2, then remains relatively constant until Locus 7, the fluctuation
curve is then distributed from Locus 8 to 10. Meanwhile, Q. = 20 gph resulted a decrease the average fluctuation
curve from Locus 1 to 7, then the average fluctuation curve was distributed from Locus 8 to 10. Visual findings
indicate that HJ is spread between Locus 7 and 9 and that the commencement of liquid obstruction moves farther
from the bend hot leg as water flow increases.

Moreover, FIGURE 5b illustrates the standard deviation (SD) fluctuation. Under flow condition at QL = 14 gph,
there is an increases SD trend from Locus 1 to 5, then the SD tends to distributed from Locus 5 to 10. When the
water flow rate increases to 18 gph, the SD increases from Locus 1 to 3, then SD curve is distributed at Locus 3 to
10. Hence at QL = 20 gph, SD fluctuation tends to increase from Locus 1 to 4 and then distributed from Locus 5 to
10.
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FIGURE 5. (a) Average, and (b) standard deviation of liquid holdup fluctuations at Qc = 45 Ipm for various QL at Locus 10.
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FIGURE 6. Wavelet approximation and detail at Qe= 45 Ipm for various water flow rates on Locus 10
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In the present study, a discrete wavelet transform from Daubechies 4 family which was previously employed by
Jana et al. (2006), and Catrawedarma et al. (2021) was utilized to decompose the original time-series liquid holdup
fluctuations into five levels of detail scale. Here, d1 represents the smallest scale detail with the highest frequency,
while di1, d3, d4, and d5 corresponds to the lower frequencies. On the other hand, a5 gives the largest-scale
approximation.

FIGURE 6 represents the predicted and typical wavelet details for various Locus under flow condition of Qg =
45 Ipm and several water flows rates. From the figure it is noticed that at Locus 2, 4, 6 and 8 the liquid holdup
fluctuations distribute with the same characteristics. Here the approximation slightly increases fromt=0tot = 2s
and then decreases at t = 4s. At Locus 8, the approximation value is skewed horizontally. At the Locus 10, the
approximation increased from t = 2s. In a contrary, the value of detail d1 tends to more fluctuated along with the
increased Locus number. In addition, as time progress the detail fluctuations tend to increase.
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FIGURE 7. Wavelet approximation and detail under Qc= 45 Ipm for various water flow rates at Locus 10.

FIGURE 7 illustrates the approximate and typical wavelet details at Qg = 45 Ipm for various water flow rates.
Here, the approximation for Q. = 14, 18 and 20 lpm shows the same characteristics. Moreover, at t = 4s, the
approximations increase significantly. An increase in the water flow rate also causes the approximation to increase,
while the detail tends to fluctuate as water flow rate increases. Additionally, the wavelet analysis of the fluctuations
in FIGURE 8 implies that under flow conditions at Q. = 14 gph, the energy fluctuations tend to increase from d1 to
d5. Hence, the fluctuation energy at Q. = 18 gph tends to distribute from d1 to d4. Meanwhile, the fluctuation
energy at Q. = 20 gph tends to distribute from d1 to d5.
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FIGURE 8. Wavelet approximation and detail at Qc= 45 Ipm for various water flow rates on Locus 10.

FIGURE 9a exhibits a similar trend under flow condition of Q_ = 14 and 18 gph. Here, the detail increases from
Locus 5 and then the curve distributed at Locus 6 to 10. Under the flow conditions of Q. = 20 gph the detail tends to
increase at the Locus 6, the curve is distributed at Locus 7 to 10. On the other hand, the approximation of all water
flow discharges reveals a consistent pattern from Locus 1 to 5. Here, the trend shows approximation with relatively
stable horizontal line for all Q.. Moreover, under the flow condition of Q. = 14 gph, the approximation increases at
Locus 9. Additionally, at Q. = 18 gph and 20 gph, the approximations increase at the Locus 8. Here, at Q. = 20 gph
the approximation tends to fluctuate during the locus shift closer to the bend as illustrated FIGURE 9b.
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FIGURE 9. Wavelet analysis of (a) detail, d1 and (b) approximation, a5 at Qs= 45 Ipm for various water flow rates and Locus.

CONCLUSION

The statistical characterization of image processing-based on the liquid film thickness fluctuations during two-
phase countercurrent flow limitation (CCFL) on a complex geometry has been investigated. The results to be
highlighted are:

1. The flooding mechanism that observed by visual observations and image processing data validation obtained
before the flooding process is indicated by a hydraulic jump near the bend area. Over time, a wavy flow appears
that moves in the opposite direction of the water flow; the wavy flow then transforms into a roll wave. The roll
wave grows over time, closing the entire flow and causing a blockage phenomenon, which is the initiation of
onset flooding. A churn flow pattern can be seen after the onset of flooding in the area around the bend.

2. According to stochastic analysis, liquid holdup fluctuations tend to be the same for all water discharges used.
Characteristics indicating a tendency for the slope to decrease as the location approaches the bend area, then
fluctuates in the area around the bend. Meanwhile, the amplitude of liquid holdup fluctuations follows a
consistent pattern with each water discharge.
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3. At high flow rates, the energy wavelet shows that the low-frequency group has the highest energy fluctuations,

whereas at lower discharges, the energy fluctuations are distributed as the frequency decreases
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